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EQUATIONS AND CHARTS

FOR THE RAPID ESTIMATION

OF HINGE-MOMENT AND

EFFECTIVENESS PARAMETERS FOR TRAILING-EDGE CONTROLS HAVING LEADING
AND TRAILING EDGES SWEPT AHEAD OF THE MACH LINES'

By KExyitE L. Goix

SUMMARY

Existing conical-flow solutions hare been used to caleulate the
hinge-moment and effectireness parameters of trailing-edge con-
trols having leading and trailing edges swept ahead of the
AMach lines and having streamwise root and tip chords. Egua-
tions and detailed charts are presented for the rapid estimation
of these parameters. Also included 18 an approximate method
by which these parameters may be corrected for auj'od—sectwn
thickness.

Deflected controls are assumed to be located either at the wing
tip or far enough inboard fo prevent the outermost Aach lines
from the conirols from crossing the wing #ip. For either of
these locations, the innermost Mach lines are assumed not to
cross the wing root chord. The method for determining con-
trol hinge moment resulting from wing angle-gf-attack loading
18 valid for wing plan forms having the leading edges swept
ahead of the Mach lines and having streamwise tips. The only
additional restrictions are that the controls must not be influenced
by the tip conical flow from the opposite wing panel or by the
anferaction of the wing-root Mach cone with the wing tip.

INTRODUCTION

Linearized theory, though neglecting viscosity and second-
order effects existing in practice, is the most practical method
now available for estimating the characteristics of control
surfaces at supersonic speeds. A general application of this
theory to control surfaeces having edges swept either ahead
of or behind the Mach lines is presented in reference I.
(Edges swept ahead of or behind the Mach lines are subse-
quently referred to as supersonic or subsonic edges.)
Conical-flow solutions for various deflected control con-
figurations are presented in reference 2. Such solutions
were used in reference 3 to evaluate the characteristics of &
restricted family of trailing-edge control surfaces.

In the present report & general analysis based on existing
conical-low solutions has been made which will apply to a
broad range of trailing-edge control configurations having
supersonic edges and will provide for a comprehensive cover-
age of control location, aspect ratio, taper ratio, and sweep.
Equations and detailed charts are presented from which
lift, pitching-moment, rolling-moment, and hinge-moment
coefficients due to control deflection and hinge-moment

coefficient due to wing angle of attack, as predicted by
linearized theory, may be determined in an estimated 5
percent of the time required without the use of such eque-
tions and charts. Also ineluded is an approximate method
by which these hinge-moment and effectiveness parameters
may be corrected for airfoil-section thickness.

The equations and charts presented are applicable to

control-surface plan forms that vary throughout the range

in which the leading and trailing edges are supersonic and
the root and tip chords are in a streamwise direction.

Deflected controls are assumed to be located either at the .

wing tip or far enough inboard to prevent the outermost
Mach lines from the controls from crossing the wing tip.
For either of these locations, the innermost Mach lines are

assumed not to cross the wing root chord. The method for

calculating the hinge-moment coefficient due to wing angle
of attack is valid for wing plan forms having straight super-
sonic edges and streamwise tips. This method is restricted

only in that the controls must not lie in a region influenced

by the tip conical flow from the opposite wing panel or by
the interaction of the wing-root Mach cone with the wingtip.

SYMBOLS
AL free-stream Mach number
p=+/A1—-1 _ :
a, (4 functions of Mach number used in calculat-

ing two-dimensional-flow characteristics

A angle of sweep of wing leading edge, posi-
tive when swept back

Agp angle of sweep of control hinge line, posi-
tive when swept back

Arg angle of sweep of wing trailing edge, p051-
tive when swept back

b, span of control surface

e, root chord of control surface

¢, tip chord of control surface

N control-surface taper ratio (¢;/c;)

S area of control surface

A, aspect ratio of control surface (b,’/S,)

4/=p4,

A, ares moment of control surface about

hinge axis

t Supersedes NACA TN 23221, “Equations and Charts for the Rapld Estimatfon of Hinge-Moment and Effectiveness Parameters for Trailing-Edge Controls Having Leading and

Tralling Edzes Swept Ahead of the Mach Lines' by Eennith L. Goin, 1050.
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ares of a loaded region

area of part of deflected control surface
lying in two-dimensional-flow region less
area lying. in region of overlap of
conical-flow fields

moment of Sz, about hinge axis

moment. of Sg, about control root chord_ -

distance of center of loading from control
hinge axis measured normeal to hinge axis

spanwise distance of center of loading from
control root chord .

slope of airfoil-section contour

one-half airfoil-thickness ratio measured
in plane normal ta control hinge axis

maximum airfoil-thickness ratio measured
in plane normal to control hinge axis

chordwise position measured  in  plane
normal to control hinge axis

chordwise location of control hinge axis.

measured in plane normal to control
hinge axis

dimensions measured in plane normal to
wing leading edge

Xy distance of leading edge of control root
chord behind wing axis of pitch

Yr distance of root chord of control from root
chord of wing

b wing span

¢, wing root chord

€ wing tip chord

¢ mean aerodynamic chord of wing

S area of semispan wing

__tan A
=78
tan Agr
a=— -
tan ATE

d 3 .

a wing angle of attack, degrees

8 angle of control-surface deflection meas-
ured in streamwise direction, degrees

q free-stream dynamic pressure

Oy = Lift induced by geﬁected control ' .
oy

Moment about control root chord induced by

(s deflected control

e qb,S

O — Moment about hinge axis induced by deflected contral

" 2qM,

o-Bimgemoment . . e
y=Finge o e

Cr=

Lift induced by deﬂec_;ted control

qS

Rolling moment about wing root chord

C=

. P1tch1ng moment about wing axis of pxtch
" .

2qb8

Fy
F,

Fy

Ap

Subseripts:
S, a

cp
Superscript:

*

gSe¢

thickness correction factor for Cy, and €7/
thickness correction factor for C., and ..‘
thickness correction factor for Cs_
difference between loeal pressure and stream

static pressure
pressure coefficient (Ap/q)
two-dimensional pressure coefficient

26 ) ( 2a )
(57.3;3\/1_——a’ 57.384/1—g%

local pressure ratio (C5/C,,)
average value of pressure ratio I’ over

I
- conical-fow region (— d’s")

angle denoting arbitrary position of ray
in conical-flow field '

nondimensional coordinates used in inte-
gration of wing root and tip conical
pressures .

angle of sweep of line intersecting conical-

- flow regions of wing at angle of attack

denote partial derivative of force and mo-
ment coefficients with respect Lo § or «

denotes center-of-pressure ray location

indicates that parameters P, PSy, IS,k
PSL:U, tp’, and rep refer to loss of load-
ing from two-dimensional value rather
than to actual loading

ANALYSIS

. CHARAGTERISTICS DUE TO DEFLECTION OF CONTROL SURFACES

Scope.—Existing solutions *of the linearized equations of
Auid motion have been used as a basis for calculating the
characteristics due fto deflection of trail'mg-edge control
surfaces on wings in steady flight at supersonic speeds.
These solutions, as presented in reference 2, are applicable
to configurations for which the leading and trallmg edges of
the control are supersonic and the root and tip chords are

streamwise.

Two control-surface locations are considered.



EQUATIONS AND CHARTS FOR ESTIMATING THE CHARACTERISTICS OF SUPERSONIC CONTROLS

The control is assumed to be located either at the wing tip
or far enough inboard to prevent the outermost Mach line
from the control from crossing the wing tip. For either of
these locations, the innermost Mach lines are assumed not to
cross the wing root chord. For these locations, deflected
control-surface characteristics are functions only of Mach
pumber and control-surface plan form. (The parameter
Cx, depends on cortrol-surface location only when the
control is located inboard from the wing tip and lies in a
region influenced either by the interaction of the control-tip
Mach cone with the wing tip or by the reflection from the
wing root chord of the innermost control Mach line.) If
the Iimitations previously mentioned are considered, the
analysis is valid for all controls except those located at the
wing tip and having the inboard conical-flow regions inter-
secting the tip. In such cases, the conical pressures on the
control, as given in reference 2, are not applicable in the
region influenced by the interaction of the Mach cone with
the wing tip. Necessary corrections for this region can be
determined by the method deseribed in reference 4. Such
corrections are not considered in the present report because
of the prohibitive amount of computation involved. Results
not including these corrections are presented, however,
because they should be very useful as an indication of trends
and should in many cases closely approximate the corrected
result.

Method.—In order to determine control-surface character-
istics, the two-dimensional region and the triangular segments
of the conical-flow regions(fig. 1)are considered independently.
The characteristics are obtained by summing the produects
of pressure ratio and nondimensional-area and moment-arm
parameters for all parts (table I). The nature of conical
flow is such that the pressure is constant along any ray from
the origin of the flow field. Any infinitesimal triangle having
the origin of the flow field as an apex, therefore, has its
center of pressure located at two-thirds of the distence from
the apex to the base. It follows that the summation of the
loading of such infinitesimal triangles results in & finite
triangle having its center of pressure lying on & line parallel
to the base and located at two-thirds of the distance from
the apex to the base. The center-of-pressure location and,
consequently, the desired moment arms can therefore be
determined from the location of the ray on which the center
of pressure lies. General equations for the average pressure
ratio and center-of-pressure ray location for each conical
segment (tables IT (a) and IT (b)) were obtained by integrat-
ing the pressure equations of reference 2. (See appendix A.}
Table II(c) presents equations for the nondimensional-area
and moment-arm parameters (in terms of center-of-pressure
ray location) for each conical segment. Equations pertaining
to the two-dimensional region were obtained by treating
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this region as a simple geometric area and are also ineluded _

in table Il(c).
equations of table II when they become indeterminate
at taper ratios of 1.0 are presented in table III.

For regions in which the two conieal-flow fields overlap,
the method of superposition must be used wherein the losses

Results obtained by evaluating the general

in pressure ratio from the two-dimensional value (P'=1.0) . _

in the two conical-fow regions are additive; that is,
P'=1.0—(1.0—Pu.)—(1.0—Pnr,,)
=—1.0 +Pnc1,+Puc;-3

(Subscripts me; and me; refer to' inboard and outboard

conical-flow regions, respectively.) The net effects of the
pressure distribution in this region are obtained by adding

the effects of the two conical-flow regions as though the flow .

regions did not overlap and by subtracting the effects of a

two-dimensional pressure distribution. This subtraction is -
accomplished by use of the equations for the two-dimensional .

region (tables II (¢) and III (b) ). In calculating control
hinge moments it was convenient to calculate the effects of
regions I; and II; or IIT (fig. 1) and then to subtract the
effects of the parts of these regions lying off the control.

For controls located at the wing tip and having the inboard
Mach cone intersecting the tip, a similar procedure was also

moment contributed by the triangular part of the inboard
conical-flow region lying beyond the tip. As previously
mentioned for this case, a rigid application of linearized
theory would require a correction, as deseribed in reference 4,
to the loading assumed in the region influenced by the inter-
action of the root Mach cone with the free edge. It should
be pointed out that the areas influenced by such interactions
become appreciable for extreme conditions and approximate
results for such configurations should be used with caution.

HINGE MOMENT DUE TO WING ANGLE-OF-ATTACE CHANGE

Scope.—Conical-flow solutions for swept wings at super-
sonic speeds, as presented in reference 5, are used as a basis
for the analysis. These solutions are applicable to wing plan

" used to reduce to zero the lift, pitching moment, and rolling

forms having straight supersonic edges and streamwise tips.

As in the analysis for deflected control surfaces, only con-

trol surfaces having supersonic edges and streamwise root

and tip chords are considered. The only restrictions re-
garding control Iocation are that the control must not lie in &

region influenced by the tip conical flow from the opposite __

wing panel or by the interaction of the wing-root Mach cone ___
with the wing tip.

Method.—The method consists essentially of determmmg
the hinge-moment parameter PS:T for the flap by assuming
two-dimensional loading and then subtracting the losses
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resulting from the wing-root and wing-tip concial flows.
The conical-flow losses are obtained by dividing the conical
regions into a series of triangular segments, each having its
apex at the origin of the Mach cone, and by summing the
hmge-moment parameters (PS;7)* for these segments as
illustrated in figure 2. In determining (PS:Z)* for the
triangular segments, integrations of the loading are mnec-
essary for obtaining P* and Z. As has been previously
explained for this type of conical-flow segment, it is sufficient
to determine P* and {., because the moment arm Z can
be determined from ¢,,, The method for obtaining P*
and {., is illustrated in figure 3 and involves integrating the
pressure losses along the bases of the segments. From
integrations of the pressure losses between 0 end n, (or 0 and
r,"), values of P* and n,, (or r.;’) are obtained. Values of
P* and values of ¢, corresponding to n., (or r.,’), obtained
in this manner ere applicable to the triangular segment
bounded by the Mach line, the ray r=r;, and the section
intersecting the Mach cone. Results have been obtained
by numerical integration using Simpson’s rule (reference 6)
except in regions where the slopes of the pressure curves
become infinite (fig. 3). In these regions, integrating coef-
ficients, as presented in reference 7, have been used. Forms
by which the integrations were made are presented in tables
IV to VII. The upper parts of these forms are used for com-
puting the pressure distributions (1—P’} along the sections
intersecting the Mach cones (fig. 3). In the lower part of
the form, the areas and area moments about n (or r’)=0
of the curves of 1—P’ plotted against n (or ') are deter-
mined and are used to obtain P* and {,, for the corresponding
triangular segments. Tables IV to VII can be used directly
for calculating the loading distribution for intermediate
cases or cases not included in the present report.

METHOD FOR APPROXIMATELY CORRECTING RESULTS OBTAINED FROM

USE OF LINEARIZED THEORY FOR AIRFOIL-SECTION THICKNESS

"Scope.—The method for epproximately correcting the
theoretical results for airfoil-section thickness is based on
the assumption that, at any chordwise position on an airfoil
having finite thickness, the ratio of conical to two-
dimensional pressure is thesame as that predicted by linearized
theory for an infinitely thin flat plate. (This method is &
variation of the method presented in reference 8.) The
method can be logically applied only to configurations having
similar sections at all spanwise positions affected. The
method is expected to give most accurate results at moderate
and high Mach numbers for thin controls located inboard
from the wing tip and having relatively large areas over
which the flow is two-dimensionsl. _

Method.—On the basis of the precedmg assumption, the
method requires the determination of the following three
factors:
¢/ (Two-dimensional with thjckness)

" O, (Two-dimensional flat plate)

__CY(Two-dimensional with thickness)
C/ {Two-dimensional flat plate)

F1=

()
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C./(Two-dimensional with thickness)
O’ (Two-dimensional flat plate)

_ Ox(Two-dimensional with thickness) @)

— Cy(Two-dimensional flat plate) )

C,(Two-dimensional with thickness) @)
Ch(Two-dimensional flat plate)

Fz=

: Fa—

(The coefficients in. equations (1) and (2) are for deflected
controls, and the coefficients in equation (3) are those result-
ing from wing angle-of-attack loading.} Corrected valucs
of G, O’y Cn/’, Ch, and O are obtained by multiply-
ing the results obtained by use of the linearized theory for
three-dimensional flat plates by the appropriate factors.

The factors are determined, as described in appendix B,
by using the Busemann second-order approximation to
determine the coefficients for sections having thickness. This
approximation gives results which are generally in good agree-
ment with results obtained by use of the more involved
exact theories. The theory is not considered accurate,
however, at Mach numbers for which the shocks become
detached or at Mach numbers below about 1.3 (reference 9).
For the general group of airfoil sections that are symmetrical
about the chord plane, equations for the ecorrection fa.otors
as derived in appendix B are:

1.0 aLt
g N Gy _2¢ ),z .
- Fi= T f 1+2 Oy Lz d ¢ 4
1—=). zrssc d=
e ¢
N ¢
0 9— .
—. z "" +2 —=C1a< (5
I; [
2xie
1.0 T d( )
Fz— _ ( :t,. 1126 (s \2c ry
Ih (Yl Z( ) C
Tafe
CHARTS
PRESENTATION

Aside from the restrictions regarding location, the charac-
teristics of deflected control surfaces are functions only of
control plan form and Mach number. The effects of plan

form and Mach number are determined from solutions to

equations (tables I to III) involving the variables t'anﬁAulf,

tan Are ond As. (For untapered controls the variables

are tanﬁAEL and 5Af) Figure 4 presents 8C. ', 8C;',8Cxs,’

_and BCh, as functions of these variables for controls located

at the wing tip. Each chart of figure 4 presents the charac-
teristics of a series of plan forms having a fixed hinge-line
sweep angle (if the Mach number is considered to be fixed)



EQUATIONS AND CHARTS FOR ESTIMATING THE CHARACTERISTICS OF SUPERSONIC CONTROLS

and varying trailing-edge sweep angles and taper ratios.
The solid-line curves present the effects of varying taper ratio
for plan forms having fixed hinge line and trailing-edge sweep
angles. The characteristics of controls having constant as-
pect ratios are indicated in the charts for B0, by dashed
lines. Constant-aspect-ratio curves are not included in the
charts for the other characteristics because, in many cases,
they would be quite confusing. If desired, such curves can
be drawn by simply determining the taper ratio at which the
curve will interseet each of the curves of constant d from the
following relation:

' 2_Af,(a_d)
~3T A/ (a—d)

For inversely tapered controls, the parameter 1/), is used as
a coordinate to avoid elongation of the curves. Calculations

were made at values of A, and —0 0.20, 0.40, 0.60, 0.80,

end 0.95 and at values of A/ —08 2.0, 4.0, 6.0, 80 and
10.0 for untapered controls. Calculated results not included
in the charts are presented in table VIII. The resulis not
included in the charts are mainly for configurations having

values of tan Are near |1.0} and, consequently, having ex-

tremely large areas of induced loading on the wing. Resulis
for such configurations are of little practical value because if
these large areas are to lie entirely on the wing, as has been
assumed, the wing must have a very large span or the control
must have a very small chord.

Charts presenting the characteristics of deflected controls
located inboard from the wing tip are presented in figures
5 and 6. These charts vary somewhat from those for con-
trols located at the wing tip. Equations for SCr’ and
BCx,’ were simplified and found to be dependent only on
tan Agp and tan Arg

8 8 .
chart form, are presented in figure 5. Charts for §C;, and

8C," (fig. 6) are presented only for normsl taper ratios

because the characteristics of inversely tapered controls can
—tan Ag; —tan Axx
b

8 B

These equations, with results in

be obtained by entering the charts at
and 1/,

The computing form for C,_is presented in table IX and
is self-explanatory. Supplementary charts for determining
the loading distribution (P* and £,,) for the various triangular
segments of the conical-flow regions ere presented in figures
7 to 10. It should be pointed out that figures 8 and 10 can
easily be used for determining the spanwise and chordwise
loading of the wings considered in this report and will there-
fore be of value in making loads analyses.

CSE

In order to use the charts for determining the character-

tan AE[, tan ATE

istizes of deflected controls, values of 5 and

A, for the configuration being considered must be determined.
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These values are then used for entry into the charts, figures 4
or 5 and 6, depending on control location. The coefficients
obtained from the charts have been made nondimensional

by use of control geometric parameters. For determining -

the coefficients based on the usual wing parameters, the fol-

lowing equations are given (gpproximate thickness correction

factors are included but can be neglected by letting the
factors equal 1.0): 5

(Co) =FiCr ¥ Q)

CI ?
(C). _( L‘)‘( r+ by '@i‘—;) (8

(]

Cr)e (Film,” 20, ——— Gy
(Om;)c ( ?) ( 101.'.,’ S.r ’\1+ﬁza’—ﬁabf0;:,—xf)
@)
(Cn),=FiCh,

(The subscript ¢ indicates that the approximate thickness
correction factors have been included.) '
For determining the control hinge moment due to wing
angle of attack, preliminary calculations are first made on the
computing form of table IX. Results of these computations

indicate positions in the charts (figs. 7 to 10) from which P*

and ?.; are to be obtained. Values from the charts are then

inserted in table IX and the operations indicated in the com-

puting form are completed. The approximate thickness cor-

1

rection factor can be applied by use of the following equation:

(G‘a: ) . =F’0‘¢

ILLUSTRATIVE EXAMPLE
As an example of the use of the charts, the control-surface

characteristics are determined for the configuration shown in_

figure 11. The wing is assumed to have 5-percent-thick

symmetrical parabolic sections in planes normal to the

control hinge line. )
Lift and pitching-moment coefficients are obtained by

ay -

entering the charts of figure § at values of a'nBAm‘—O.e%O and
tsm—ﬁﬁ’!=0.35. Hinge-moment and rolling-moment coef- o

ficients are obtained by entering the charts of figure 6 (g) 2t

values of tanﬁAT"= 0.35 and A,=0.713. Coefficients obtained
from the charts are BCL’=0.0748, BC.,'=—0.0365,

B8C;’=0.0372, and BCy=—0.0345. The calculation of O

for the example is presented in table IX. Preliminary
calculations are made in table IX (2) and in column (1) of
table IX (b). Values of n and 7’ calculated in column (1) are
used to enter the charts (figs. 7 to 10). Values of P* and ¢,
obtained from the charts are inserted in columns (2) and (3)
of table IX (b) and the computations are completed. The
theoretical value of C; is —0.0194.
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The equation for.the section contour in a plane normal to
the control hinge axis is

()WE_()] - a2)
The slope in this plane at any point along the airfoil is
_—2(£) (1_22)' 13)
T\ mar e

Substitution of equation (13) in equations (4) and (5) vields
the following equations for F; and Fy:

)ﬂla-t c

403 t Tn
3("1( )m(“rz?

For determining Fj, the equation for the section contour
in a plane normal to the wing leading edge is written as

* (O |©)-C)

Fi=1— 4 (14)

Fom1— (15)

() - 19
2¢/)  cos (A—Agy) 1+ K (?)
where
K=-tan (A""'AHL) tan (A.'—..\Tg)
The slope of the airfoil contour in this plane is -
’ 2
() _ 2().. J1—2()-%C)
mer s o o - (173)

“cos (A—Agz)
d (z)

[+=()]
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or in terms of z/e

O

a(Z) "G anol am)

Substitution of equation (17b) in equation_ (6) yields the
following equation for Fy:

6(t),

3C(1+K) cos (A-—Am,)l:2 <1 2 h) K(l )’:I
(18)

From equations (14)4{15), and (18), the following correction
factors are obtained for the sample configuration: F,=0.8077,
F,=0.7889, and F;=0.7355. It is of interest to note tha(.
these values indicate appreciable losses in loading due to
airfoil-section thickness, and it might be pointed out that
greater losses would be obtained for thicker airfoil sections.

The coefficients obtained from the charts and the preced-
ing correction factors are then substituted in equations (4)
to (8). The results obtainad are .

(Ci;),=0.00411

(Cnpye=—
(Ci,),=0.000619 e

F3=1

0.00318

(Chy) ,=—0.0182
(Ch,),=—0.0143

-

LANGLEY AERONAUTICAL LABORATORY,
NarioNAL Apvisory COMMITTEE FOR AERONAUTICS,
LaneLEy Fiewp, Va., September 8, 1950.



APPENDIX A

METHOD OF INTEGRATING PRESSURES OVER CONICAL REGIONS OF DEFLECTED CONTROLS

The pressure distributions in the conical-flow regions
shown in figure 12 are given in reference 2. With suitable
changes in notation these are:

For region I,
1 a—t
Pr=—cos™ 7 — (A1)
For region II1,
VD R 1—(24-a)t
P =g 42)

Because the flow is conical in regions I and ITT, integrations
of the pressures along the treiling edge within these regions
are representative of integrations over corresponding tri-

angular segments having the Mach cone origin as apexes.

For such integrations, a coordiriate for distance along the
trailing edge must be introduced. The nondimensional
coordinate chosen was #=§-tan ' (fig. 12 and reference 2).
The integrations required for determining average pressure
ratio and center-of-pressure ray location for any segment are

Py
P=2— (A3)
dt’
tl’
and
ty’
[“epar

o = (A4)

“prar
t
(Subseripts 1 and 2 indicate values of ¢ corresponding to the
end points of the part of # over which integrations were made.)
A Mach number of /2 was assumed for convenience (=1}
in meaking the integrations of equations (A3) and (A4). This
assumption is valid because any case of Mach number greater
then I can readily be reduced to an equivalent case at A= +/2
by an affine transformation corresponding to the Prandtl-
Glauert transformation for the subsonic case (reference §).
An example of this transformation is shewn in figure 13.
The equivalent plan form is obtained by dividing all stream-
wise dimensions by 8 and leaving lateral dimensions un-
changed; consequently, values of a, d, and ¢ (for equivalent
points) are the same. From equations (A1) and (A2), it can
readily be seen that values of P’ for equivalent points are the
same. It follows that summation of P’ over equivalent
regions results in equal values of P and f,,.
from figure 13, however, that values of ¢;’ are different.
This difference is of no consequence because values of ¢, for
the equivalent wing (obteined from ¢," and geometric re-
lations) are the same as values of i, for the initial wing.

It is apparent .

The procedures followed in the integrations of equations
(A3) and (A4) are the same for regions I and III and are_

only shown for region I. If the Mach number is assumed
to equal /2, where =1, equation (Al) may be written m
terms of # as follows:

~i(e+d)—(1 —ad)¥’

/ f—r - _— - -
P - cos D _

(I+ad)—(e—
If ¥ s substituted for cos xP’, equatxons (43) end (A4)

become y rokr
—(1— a’)(1+dz) cos“y
‘(1‘“2’“”1’[.1 (—ed)—@—aaT
—(1—ad(14d%) (12 (a+d)—(L+ad)y
it [ g Jn [(l—ad) (a d)ylscos ydy (Aﬁ)
i —(1— a’)(1+d2) cos~ly
x n [(1—ad) (G—d)yl’

Integration by parts was then employed in the solutlons
of equations (As) and (A6).

For cases in which the conical-flow region overlaps the __
opp051te parting line, the average pressure loss and center-

of-pressure ray location are required for regioms I, and I,

(fig. 1). Equations (A3) and (A4) may be used in obtammg
the solutions for region I, by a slight modification requiring
no additional integration. Thus,
. L
[Fa-pyar [T Par
pr=x T =1t (A7)
dt’ dt’
tl' ‘l'
ta' ¢
[ea—pPoar [ 2:[ f P dt
t [ g— ‘1 , 8)
f (1—P") e [t’] . P’ 4

In obfaining the solui‘.ions for region I, (fig. 1), essentially
the same procedure as previously outlined was _used. The

parameter r=—]£—1..vas used to represent distance along the

parting line nondimensionally. Values of P* and r., were
obtained by making integrations similar to those in equa-
tions (A7) and (A8) (before smphﬁcatlons)

Results of mtegratlons over all regions shown in figure 1 _ _

are presented in tables IT (a) and II (b). Results of evalu-
ating these equations at taper ratios of 1.0, where they
become indeterminate, are presented in table III (a).
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APPENDIX B
METHOD FOR DETERMINING THICKNESS CORRECTION FACTORS

The pressure coefficient at any point on a two-dimensional
surface as given by the Busemann second-order approxi-
mation {(reference 8, with suitable changes in notation) is

Cp= Ci(8+0)+ Ca(8+ 0)° (B1)

(The angle & is considered positive when calculating C; for
lower surface and negative when calculating €, for upper
surface. Throughout appendix B, § is considered to be in
radians.) The constants ¢, and C; are functions only of
Mach number. Equatlons for these constants and tabu-
lated values are presented in reference 10,

The lifting pressure coefficient at any chordwise posmon
is simply the difference between the pressure coefficients on
the lower and upper surfaces. The net lift coefficient is
obtained by integrating the local lifting pressure coefficients

between the hinge line <E=

\ ¥

%) and the trailing edge

(%.—_1.0)- (See fig. 14.) Thus,

’
Cr thickness (3}

_ 1 1.0 _ E
— IR CARCAREE
2 S

(The subscripts L and U denote lower and upper surfaces.)
Similarly, the hinge-moment coefficient is obtained by inte-
grating the products of local lifting pressure coefficient and
moment arm between the hinge line and the trailing edge.
Thus,

Ch hickness 0= ( xh) J;WCC l’n) [(O’)L (Crleld (Bs)

An application of sweepback theory, as explained in refer-

ence 10, must be used for.determining Cp,—C,,. It is im-
portant to note that, for deflected controls, this theory
requires the use of the Mach number component and the
airfoil section in a plane normal to the control hinge axis.
Values of (%' and €, thus obtained are based on the dynamic-
pressure component normal to the hinge line and the deflec-
tion angle measured in a plane normal to the hinge line.
Values of 0y’ and G, for a two-dimensional flat-plate control,
based on the same ¢ and §, are obtained by considering the
Mach number normal to the hinge line in determining values

of €. Equations for these coefficients are
O ot paate=2C18 (B4)
O ot gtate="—C18 (B5)

944

- (B2)

The following correction factors are then determined by
dividing equations (B2) and (B3) by equations (B4) and
(B5), respectively:

0
[(Ca)—

F _ 1 1.
Y 5(1 r")ﬁ"‘
Uy

F=@ [ E-2) en—eaad 2 ¢

(Coold 2 (BG)

If the sections are assumed to be symmetrical about the
chord plane, equations (B6) and (B7) can be simplified because

t
d %
(0,)5—(0,):1:25 01+202 (BS)
%
Equations (B6) and (B7) then beeome
t
1.0 d
j f 142G 2¢ ),z (B9)
Za C[ ¢
1—== d =
- [ Infe

1.0 d
Fo=r—2 ("’ £L) 1+2('2 2 d <(B10)
z") gt ¢
Ih _C

The equation for F3, may be written as equation (B7) for
F, (substltutmg a for &)

(” B) (€@l d L B11)

Cua (1 x") f""“

In'this case, however, the airfoil section and Mach number
component in a plane normal to the wing leading edge must
be used in determining values of €, and (Cp)r— (Cp)v.

For symmetrical sections, the equation for Fs may be
simplified in the same manner as the equivalent equation
for F.. Thus,

_2 (Wir Hzc,d(m)
Fy=— n)ﬁm( o) 0y

Z (B12)
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Equation (B12) willf in some cases become somewhat in-
volved because i((z% must be determined from the equation
for the airfoil section in a plane normal to the wing leading
edge and must then be written in terms of z/c (unless the
surfaces are plane). It should be pointed out that suitable
approximations for most symmetrical biconvex airfoils (which
in general require involved expressions for defining the con-
tour) may be obtained by sssuming the sections to have
parabolic contours. General equations for the thickmess
correction factors for symmetrical sections having parabolic
contours have been derived in the illustrative example of
the present report. , )
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F16URE 1.—~Oonlcal-flow reglons for which solutions were obtained in the calenlation of
deflected control characteristics.
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Flacrx 2.~Procedure followed in summing (P.S:3)* of conleal-flow reglons for calculation
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Che)
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Finvrg 3.—~Illustration of method by which P* and &5 for triangular segments of the
wing-root and wing-tip Mach onesc are obtained for use In determining Ci,,
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(b) r'=1.0to 10.0.
F1aure 10.—Concluded.
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(a) Initisl plan form
(AL= /3.25; g=1.5).

(b} Equivalent plan form
OL=A2; B 1.0).

FigURE 13.—Example transformation from one plan-form Mach nomber configuration to

an equivalent plan form at a Mach number of /2.
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TABLE. IL.—GENERAL EQUATIONS USED FOR DETERMINING CHIRACTERISTICS OF DEFLECTED CONTROLS
[S8ubseripts I, L, Is, X4, I, IL, II,, IL., II1, Ill,, 2and III, refer to regions defined in fig, 1j

(a) Configuration Having Control Located Inboard from the Wing Tip

Parameter Formula
' _ : 20,, Si, p S .
Crs ! _ .[S;+(P ) )n] :
. —_— s i —':— i -
- - 2C,n P ) I
Crm, [2M "'( 53 +( 20, 11] i
o 2Cs, NG ( 7)1 |
gh - T8 b;S, 1l ) L
) 1
—2CD° SLI SLE * 1
Gy, 7 Lo, +(P 2M, x,+(P 2tz ).~ (P 34, 1."'_( 231, 11,+<P 757 ).~ (F 2M’)n.] g
(b} Configuration Having Control Located at the Wing Tip
Parameter - o Formula _ . :
e 2C,, S[_ S S ) . - !
T “-ry n 3 o7 !
G/ T 5 (P ) +(P )I. (.P S,r)h ( ;-)m]
|
S[_I
Caf +(P 221, "'(P 23, ZM 1."'( Al )m] 1
2,1 I S.F S oS ' !
' Ty b oLy oLy LY oLy
Ciy 8 [.bef+ (P b,S, ( b/S—)I. ( -)1. ( b;S 11{] )
.. - L
20» 8% S,;c S;;r S;_:t ‘
Cuy [2M,, ( 21T, "‘(P )1. (P YA 1.+< 3M, )m+( 2L, )m. ( M, )m.]
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TABLE II.—COMPONENT PARTS OF EQUATIONS USED IN CALCULATING CHARACTERISTICS OF DEFLECTED COXTROLS _
HAVING TAPERED PLAN FORMS
(a} Average Presaure Rstio -
Values of P for regions IT, 1., IT;, and IT, are obtained by substituting —s, —d, and I3y for q, d, and 3z In equatfons for reglons I, I, I,, and L, respectively. In cases where plus and minos

signs are together (), the upper sign muost be used when valnes of s and d substitnted are snch that a—d 13 negstive and the lower sign most be nsed when values of ¢ and & substituted
are such that e—d Is poaitive. iU

[ :
l Fgg’?r“ l Average pressure ratio - ' e
| ] ' o - . L T=
| I L p_ VA=A U=& —(1—~a)(1+d) T
: ! - 2(a—d} . - ..
_ 1—d Ao Fi—a)—Ml—ad)] = ' T
. P*_)\f(l-—d)-—(l—a) {r cos™! Aa—d) . s
[ .
1 fl—a’ _ [T{(1—ad) —x£{1—d) 7| z
a L Yi=g " '[ (a—d) [ L
i | _ 1 *, " (1—a?)—A(l—ad) ’ s
: P = a—g—a—a) {? (@—dj cos™ [ A a—d) ]"' =
I =
’ A= MVI=& | [(G—Md):I:\’2M(1-ad)—1\!’(1—d’)—tl—a’)} .
0k, o~
. ! 7N o
i 1—d[ [i=a 1 1  1—a ' =
- Pema[VizE (1o g e a5
o polta —TFa(Fd | - T
| | ' = a—d =
| - 1 [1+d Ctratd—aira] T
! i *— 1 — . I
o P=ara=aiFa = —a —
; R MEDAED o, [ALD Mot N
: : *  Ma—d) f 1 '
r — T
| _ L fa—d . F(2+a+d)—2214+a)T_ -
- Pera—urs e [T g T : T
5 TE
2 TFHa—maFa—a+a] "
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TABLE IL—COMPONENT PARTR OF EQUATIONS USED IN CALCULATING CHARACTERISTICS OF DEFLECTED CONTROLS
HAVING TAPERED PLAN FORMS—Continued

(b) Center-of-Pressure Ray Lacation

Valueso!t ? (oF rop) for regions I, I1,, I, and IL areobtalned by substituting —a, —d, and for @, d, and A In equetions for regions I, I,, I;, and- I, respectively. In cases whore plus
t " "are together é:h), the u’p%er slg‘n must be used when values of a and & sobstituted a're such that ¢—d is negative and the Igwer sign m‘ﬁst o used

nsed when values of ¢ and &
substituted are such that a—d i3 positive
%}iegg_ioll)l _ : Center—of—pres-;sure ray I_ocaf;iﬁh (fcs’ OF Feop)
i ' 1 1 ‘ 14-d
. b =P d),{ a @ (1+30d—3d—ad) {15 + 2 [0 —a) (1 — ) —2d(1— a)’]}
, 1—d L Ta—ad—r{l—ad)]_
I to' = = AT DT d)—(l—a)]l( ) M -+ad =21+ cost | S5 =SS
1= (1+3ad—3d=—ada) cos—l[(l “d)a_“’d @)]i(ltd’) \’(.l—a’)[Z)\,«(l—ad).—)\f‘(l-—d’)—(l—-a’)]}
1 Jrrle— d)[2a Mat+d)] (l—a’).—'kf(l—'ad).
e 2P*m<1 —H-0—all  ~I—n) gos™ Ma—d) ]*
I _
’ \/cl—aﬂ)tzw—ad)—va—d*)—<1—a’)1¢a<1—'~)\11_—a=‘ | (el VBT ad) 20— d=)—(1—a-)”
x N 1 x 1 Af
- ' i _ _ (a— d)(1+d=)~,/1 al
1 ter 2P(1+d)(a_d),{ % (1+3ad— 3P —ad) (1——cosld)+
M a—a) - —2d01— a)=1+<1 d”“““d &) cos‘la}
oI | ta'=m{\/<‘1+‘&'}(_1+d)[<2—a+d)(1.—d2)+zad<'i3rd>+2d(1+a)1—2[<1—'a=)<1—d’)+2d('i'+a>f]}
, 1 . 201+d) (2+a+d’) 27\(1+a)
e’ 4P*<a—d)[x,<1+a)—(1+d>1{ D @ttad— ] cost | ; ]*
1L ?—‘-1—45@«(1+a)m<2+a+d)—w1+a)—<x+d)1¥ ‘
1+“ ~i2—a (=) +20d(1+d) +24(1+a)] cos 2(i.+d)x;:i(i;ra+d) }
_[3a—D[2aN—(a+D)] (2+a+d) 27\(1+a)
e P*(l—xf>[xf<1+a)—<1+d)]{ - °°S‘[ : ]*
111, B
: A =20~ C—3e— D) o ETat ) 2T e - AT D)
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TABLE II.-COMPONENT PARTS OF EQUATIONS USED IN CALCULATING CHARACTERISTICS OF DEFLECTED CONTROLS _

HAVING TAPERED PLAN FORMS—Concluded

. __BbA(a—d) (14+) _BbA(a—dP(l—27) o
(¢) Geometric Parameters S;= 2= end 2} ,= S n Vit o ~ e
Begion SuS ScTTerSs SF2). -
I o 2a—d) _ 8 26-Dlw'~d) Sy, 1= (1+ad)—(a—d):,,':[ =
= a—-d 5 300+ 8, 1—2p it& —
r AMl—d)—(1—a) 8z 2a—d) (e’ —~d) S 1= (1+ad)—(a—d)to'] '
‘ (1-2)(1—d) Sy 3(L—2) (1 +d% S 1—4 I+ |
1 Ml—d)—(1—a) 2Sc Sy 1—) (1—x,)<rc.—a)]_ =
s I+2)(e—d) 35 Sr1—2g3 a—d e
R . =B +ad —~(@—dis] o
o A U-DI+d)
- a—d) St [ 2Me—lle/ +0) Sty Lod [ Qtad gty o
A—A(1—d9 30—+ S M1I=ap 1+d
ne S R S A1+ 0) — A4 DI +ad) +(a—d)te'] s
e A— A+ I+d =7
- (1= N1 4-6) — 1+ D](res+a) o
e A= @—d? e
D A a—D(1+ad) + (6—d)to'] =
S e -+ +d T
I Mia—d) [1 2x(a—d) (b’ +d)’ ra—d)[(1+ad) +(@—dts] }
=0+ 3(1— xf)(1+a’) O+ D =
T ML +0) — U+ DL +ad) + (a—d) bo']
© | TTTTTTITTTTTT | Tt I +HAFD .
I =AM d14-a}—(14-d}(repta)
L =" G—dr i
v (a—ap - =
{1+a) 1—7&)————7———
Two- l—a 1+a\ o g (1—2gt 1—_d)‘ . (1— 14a\? -
dimensionsl (1_ = <1+d [(14d) a1+ a)B i—d l+d )
11— Q—2n2(1+d)* 2(1—2F) L
S8la—d) {1+ ‘_
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TABLE 111 —CO\IPO\ENT PARTS OF EQUATIONS USED IN CALCULATING CHARACTERISTICS OF DEFLECTED CONTROLS
HAVING UNTAPERED PLAN FORMS -

(a) Average Pressure Ratio and Center-Of-Pressure Ray Location

[Values of P and ey’ (or 7cp) for regions IT, 1T, ITy, and II. ere obtained by substituting —a for @ in equations for regions I, I,, Is, and I, respectively}

. {‘gf’g‘ I Average pressure ratio E:enter-o!-pmssure Tey lomtion (tey OT Tep)
! C 1 8a+4-(1-+a¥ ’
! 1 t P-E SR ‘::M_ ) Ley' -—4—(1_42) -
1 Y-ef1+%d/—A—aD 47T _ - Icvaf—za4+12 —24/(1-a{2s4(1+at) 4] A
O (1+a)[1—(l—a)A/1{ . F T - = —G=9A71 - cort [0 az-e1+
i Q-adri=e o itasa A,,_,,]} fa(7—a9+0~ a*)Af']\’(l—a')[1+2aAr’—(l—a’)A/’)} o )
i x _ . . _ —
' ’ RN g 1 14204/ VIR (= 4r, '
== r,{-;eos-’[(l—a*).dr’—a]-t— _ e == A/JJL Hs cost [(1—at A —a] Y (S0 20 LT
: i ANI—T 1+aA;‘—‘\’1+2«.4;’—Q—a’)A/’ ed/iza f1+a4f’ 1/1+2aA;—(1—a')Ar’”
! { log. l} . o ar } _ ) )
| i - -
o (1+)<1"' = a’) bl 4P(_l+a)(1—a’) [8“+(‘+“”'W 2 oo o422 azl
: _ " ] . .
: ,_5—8a—3a¥
L Pe3 b =gre) o
f z\lA_f(m)n_‘—Af(HaT] e ~ f3—8¢—5a'—8Lf(1+e)'IAf(1+¢') 2a1 -
| Il P=a= (1+a).4,/] r— : beplte 16P‘(1+a)[l GFaAL = oo™ (2471 +8) 1] - '
| MG -} a[ ferttestoads “*“’“*“”]vm}
: 1 1 _ _ 1 [8(1—2a4/) o -
| Il Pte = (l+a)A/{ cos~! |24/ (14-a) —1] Fop*e &P‘A{’[l (1+a)A:‘]1 p cos1 [247/(1+a)y—1] ‘
! WA= A7) mtsz_u«m} [
ﬁ r’ __Bhp
b) Geometric Parameters Sy="% and ZM,.= =
® ! AT ot -
I %gg“’l‘; SulSy S.gloeSr __ SiE/2M,
I 1 Sp_(4+de) T 28
4/ ({T—a% 8, 64,/ (1—aY 3 S,
I 1—A/(1—a) 8y 2ts’'—a) 28 —
« 24/ (1—a) 8384/ (1+a?) 38 _
1—4A/(1—a) 28 28, _ '
Ib ) 3 Sf 33;"4 (r,, a)
1 ' L
o i e TR 34/(1—a)
I 1 [1 _(1—4a) 28,
A/(1—ah) 84/ (1—a?) 35
II _ 1—A/(14a)
@ el it il it 34/(1+a)
11, ) Af(reta)[1—4/(1+a)]
""""""""""""""""""""" T 3
1
1L Rttt E et 34/ (1+ay
111 L Sy '[1____] 28
24/ (1+a) 3, 124/(1+a) 35
S 1—4/(1+a) )
1L, e B ——— - . 34/0+ta)
I, .. Al rpta)[1—A/(1+a)]
TUmmmmmmsmees TTTTTTmTTmmoooosmmeooetooeeoeee 3
. Two- Af(l—at)—1 34/(1—a)(1—a)f4/ (1 +a)—1]—4a 84/(1—ah)—4
dimensional | . 4/(1—a?) 84,7(1—qg)? . 64/ (1—al)




TABLE IV.—EXAMPLE OF NUMERLICAL INTEGRATION OF PRESSURES ALONG AN INCLINED SECTION INTERSECTING WING-ROOT
MACH CONI

-
(m @ (3} “ (® ® M ®
" -0 | ke | [B] | e ® w-1 | % oo
0.1 0.9 0.08 0, 4434 0, 7893 1.9007 0. 0007 0, 1481 ""—;‘L"-”
.3 .8 .90 L6944 L8284 1.8181 8161 , 1867
21=0.25
.8 K] o 545 8614 17414 L7414 3842 -
" .6 .83 4358 . 8987 16784 6784 2027 Kam2(1—g") =1.80
.5 o5 %0 , 8088 9330 10208 , 6253 , 2880
6 ¥ 58 2006 , 9484 1. 5816 5310 , 8024
T .8 .88 L1217 . peas 1, 8470 L5470 8188
.8 .3 L84 , %67 9808 15218 L5918, 3988
.0 a .82 Oue | o868 1, 6058 . 5054 . 8318
10 0 .80 | 0 | 1. 0000 1, 5000 , 5000 8833 '
tes r
(1 (2) ® ) (5) ()} () (8) (O] (10) (11) (12) (13) (4) (15) (16) 17) (18)
MULTIPLIERS
n | 1-p s - e dsy| 5L | B (-l B | G | % [oexen
. nmtd | 03 | 0a | s 0.5 0.6 0.1 | s | a9 | 10
0.1 0,1481 | 0,130788 | 0087800 | —0.004167 | 0,004167 | 0 0 0 0 |o |o 0.008797 | 0.008797 | 0.000A36 | 0000171 { 0, 009672 | 0. 9482 | 10,0000 | 0. 000
L3 | L1867 | -, 045340 | 079167 | 054167 | —.020888 [ 0 0 0 0. |0 L017164 | 020051 | 008219 | 023782 | .020807 | .9021 | 5.0000  , 1848
< |t a0 —.020838 | 054167 | 079167 | 0 0 0 D 0 o | .oz | .o4s801 | .oomser | .caveso | .odesse | ,8a2a | 8.3a88 | 1430
RIS 00167 | 004187 | ,037N00 | 087500 | —.004187 | .cod167 | o 0 |0 (024891 | 078492 | 017401 | 086001 | .070012 | .5012 | 2,500 | 1387
“ | 0| 0 0 0 0 070167 | 064167 | —,020833 | 0 0 K L027430 | 100923 | 029704 | 071168 | .084860 | .7493| 2,0000 | 2018
6| .80 | 0 " 0 0 Z,020883 | OB4167 | 078167 | 0 0 [0 (020407 | 130829 | O4SH1 | 084878 | ,121;80 | .€06b | 1.R887 | .2171
7| e | o 9 0 0 “O0{187| ~,004167 | 037600 | .0N7500 |-, 004187 | 00187 | .080040 | 161360 | (068070 | ,00G14 | 14808 | 6430 | 1.4288 | 2308
L8| e 0 0 0 0 0 0 0 079167 | 054167 |—,020834 | 082089 | 108851 | 000148 | .108200 | .L7AB21 | L5887 | L300 | .3AIT
9| 888 | 0 0 0 0 " 0 0 —.020338 | 054167 | 079167 | 037861 | 990312 | 118082 | . 108120 | .2020%4 | 5987 | 11011 | .a818
1.0| 8388 | 0 0 0 0 0 0 U T -.oouuv| (on7500 | Ougate | asa7s | 140000 | 100780 { 329040 | L47ed ) 1.00m0 | 2000
hl 1
0,1 0,1481 | 0,008867 | 0,008667 | 0 0 0 0 0 9 0 ) 0000020
L3 | 1087 | —. 001807 | 008838 | 007500 | —, 000838 | 0,000838 | 0 0 0 0 0 002848
8 s 0 0 L028750 | 018250 | —, 000280 | O 0 0 0 0 , 000442 .
Al La021] 0 ) —, 008238 | 021887 | 081667 | 0 0 [ 0 0 L 008740
E L5 Lam00 | 0 0 "00%083 | —,002088 | 018750 | 018750 | —.002088 | 002088 | 0 " 012808
& [ 8| om0 0 0 0 0 LOATS00 | . 032500 | -, 012500 { 0 - 0 018187
A7 e | o 0 'Y 0 0 014588 | 087917 | OBSA1T | O 1o “0a0M | -
8] s8] o 0 0 0 0 003388 | —, 008358 | .030000 | 038888 [—,00BAST | , 04078
8| 888 0 0 0 0 il 0 0 " 080000 | 060000 | . 0704+ | : ‘
1.0] .sass | 0 0 0 0 0 0 ) K l-—.oosm oateer {08107 ' :
| - DR oo I oo
\ . o . T "3 '," .-I.' '."-:.' 3 .:_':“:".‘\..:._‘I..",.'! Ji ‘
AR T O RLRIC 11y 1 e e LU A R | K
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TABLE V.—EXAMPLE OF NUMERICAL INTEGRATION OF PRESSURES ALONG A STREAMWISE SECTION INTERSECTING WING-ROOT MACH

. CONE
-r
1) . (€3] 3) ) (8) ®)
” [14+(n] 2 Ll @-g* % E;I-(ﬂ
01 La1 0,865 0.9 0. 8908 01508
2 T 119 8151 1967 ) _
. g==0.50 ‘
) ) 1 098 L4 7604 280 | —
" Los . 1.230 Ln 7198 a5 | g3=0.25
5 225 1.875 2,00 L6875 o7 |
— ; K= (129 9 =0. 50
.6 2.5 1.530 231 | .cem 290 | _ -
g 2,89 1.608 2,64 . 420 mel i
‘ .8 X I 628, 2840
.9 561 2.085 3.3 ~8L16 2005 |
BEY) | o 2.250 3.7 . 6000 082 | '
top Liad
’ ’(1) [£3] ® (O] (O] ()] () ® ()] (10) (11) (12) (13) (14) (165) (16) an
- MULTIPLIERS 2(‘(1;;"1»( Iner. 2 Tner. 2 2)+(1) (12 1 Janxas
0.1 0.2 0.8 04 0.5 0.6 0.7 0.8 0.9 po | DRUD| (Dees | (Dmem. a9 r
01)|0.1503 | 0.130788 | 0.037500 | —0,004167 | 0,004187 | 0 0 0 o - ° 0 0.010789 | 0.010789 | ©.000674 [0.111413 | 0.9400 | 10.0000 | 0.1074
.2 | a7 [ —owsat0 | .orer67 | .omerer | —.020838 | 0 0 0 > . 0 0 LOI7640 | 028279 | .008315 | .0S1594 | 8951 | G5.0000 | 1414
NEIEDK —.020838 | .obd1e7 | .o7o167 | 0 0 0 0 'Y 0 .02L167 | 040476 | .008635 | .0BGIIL | .8514 | 28,3833 | .10 |
IS L0167 | —.004157 | 007500 | 037500 | —,o04167 | 004167 | 0 0 Lm0} .08 | .o7zese | .qiessa | .Oaevz | .SI2Lf. 26000 | 183
<6t ] o i ) 0 Lo79167 |1 054167 | —. 020833 ] 0 0 1o .025193 | 098178 | .028287 | .138415 | .7766 | 2.0000 | .1064
6| 288 0 0 0 0 —.020833 | .OB4167 | 079167 | 0 0 0 L0369 | .1BMG1T [ .042783 | .167405 | .7444 | L.6e67 | .2077
| e[ 0 [ 0 o L004167 | —,004167 | .GSTS00 | 037500 | —.004167 | 004167 | 027403 | 18019 | 000608 | .21225 | .70 L4288 | .72
B[ om0 0 ) 0 0 0 0 3 .079167 | .084167 | —.020883 | .038163 | .1s081 | .0RI783 | 261014 | .6879 | L2500 | .2752
9| 2005 ] 0 ° 0 0 0 0 0 —.020838 | ' 054167 | .078167 | 028779 | .208000 | .106200 | .aIsle0 | .660 | 1.1ul| %822
10| .20m| o 0 0 0 0 0 0 004167 | —.004167 | .037500 [ 020292 | .238253 | 184081 | .3T228R | .6400 | 10000 | .2888 |
- {
01| 0.1508 | 0.006867 | 0.008867 | 0 0 °. 0 0 0 0 0 0.000674
.2| .1967 | —.ootes7 | .00s338 | 007800 | —, L000838 | 0 0 0 0 3 002841
3| .20 0 0 023750 | 016250 | —.006250 | © 0 3 ° 0 006320
o | A s 0 0 —~.008333 | .0z1e87 | .031667 | 0 0 0 0 0 008251
Z 1 5] | o 0 .002088 | — 002083 | .018750 | .01$750 | —.002083 | .002083 | o 0 011351
Z | ame| o 0 Iy 0 0 47600 | 082580 | —, 012800 | o 0 014551
Bl 7| zm|o 0 0 0 0 —.014583 | 037917 | .os6417 | o 0 017818
8| e o0 ° 0 0 q .008a33 | — 003383 | .0m0000 | _osmasa | —.ooses7 | 091127
9| 206} 0 0 0 0 0 ° 0 0 L060000 | 060000 | 024467
1.0 « 2062 ® [} 0 [} [ Q [} [] —, 00B333 041867 . 027831
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TABLE V.—EXAMPLE OF NUMERICAL INTEGRATION OF PRESSURES ALONG A STREAMWISE SECTION INTERSECTING WING-ROOT MACH

CONE—Concluded P
a) (€)) ®) ) *) ()]
v 1+ o - @ cos”18)
wop | et | @-e @ =
2,0 9,00 4,700 875 0, 8420 0,3178
, 8.0 16,00 gam0 | 1878 , 5288 8B
4.0 25,00 . 12,750 .75 L5153 BI77
5.0 86, 00 18, 260 88756 5105 . 8208 o=0,80
6.0 49,00 4, 780 48,78 .87 . 8805  gi=0,28
7,0 64,00 82,250 63.78 ) .8813 Ri= (1—27%) =0. 80
8.0 81, 00 40, 750 80,75 , 5048 . 8316
9.0 100, 00 60, 250 M, 78 . 3038 . 8819
10,0 131, 00 60. 750 12078 L8031 .8822
[ t" p*
[4))] (2) @®) 1)) ) () (4] (8) ) () | an (12) (13) (14) (15) (16)
MULTIPLIBRS . il p?;< Iner tner. 3 0'1) .
ro| 1-p - T ner. an+aa) = = lanxay)
to (8 10 10)mem. 7
=30 80 4,0 5,0 8.0 7.0 80 9,0 10,0 zi) (10)area (10)mem '(lsj r
1.0 | 0.2082 | 0.875000 | —0,041087 | o,041887 | o 0 ] ] 0 0 0, 28825 0, 28825 0.18408
20| 3178 . 791687 LB41687 | —, 0 [} i 1] ] 0 , 80786 . 54620 . HO8eY 1.14518 0,4770 | 0, 50000 0. 3731
3.0 | (8245 | —, 208338 . 541667 701687 | 0 0 0 0 0 0 L 82169 . 86780 1, 40807 2, 27006 .3823 | 33388 . 2808
g 40| a7 | Lodieer | ~,041687 . 875000 375000 | -, 041887 L0887 | 0 0 0 \ 82508 1,19887 2, 54540 8, 73027 .8108 | 26000 , 9085
50 .828 1 0 ] 0 (701667 | 541667 | —, 208383 [ O ] 0 . 82460 1,52250 4, 02470 5, 54728 L2145 | 20000 , 8048
60| 8305 0 0 0 ~, 208833 L 541667 791687 | 0 [ (] . 83005 1, 85281 5, 84000 7, 60281 M08 | 16667 . 8088
70| ,8313] o o 0 041667 | —, 041887 + 375000 975000 | ~, 041867 L0488y | 83088 218840 | 7.90088 | 10.17413 | 9146 | 14286 ,B119
80| 8816 o0 0 0 0 0 0 L 791607 541667 | —, 208238 | ,BB141 2, 51487 10,47680 | 12,0117 J1e88 | 12500 .8l44
90| 8319 o 0 0 0 0 0 —y | o 5ares7 ,791867 | . 88178 284062 18,20028 | 16.14285 788 | J1m 8108
10,0} .8823( o 0 o‘ (] 0 (] 041867 | ~—, 041667 875000 | B80S 8, 17867 1645070 | 19, 62987 1610 | 10000 ]
1,0 | 0.9083 | 0,875000 | ~0,041687 [ 07041687 | 0 0 0 0 0 0 0,18408
2,0 .8178 | 1.583883 | 1,088883 | ~,d16887 | 0 0 0 0 0 0 L 48400
3.0| .85 | — 625000 | 1.625000 | a,378000| o 0 0 0 0 ([ L8044
e | 40| 837 | ,16ee87 | —,168867 | 1,500000 | 1.B00000 | . 186867 166867 1 0 0 0 1,14283
g | Ao .8m) 0 0 0 8.958338 | 2,708338 | —1.041687 | 0 0 0 1, 47680
S| so| .ec08( 0 0 0 ~1,250000 | 8,250000 | 4.750000 [ 0 L 0 1, 81580 .
-y
‘| 70| 32| 0 0 0 201867 | —. 201667 | 2,625000 | 2, 625000 | —, 291667 201667 | 2.15088
80| 036/ 0 [} 0 0 0 0 6,238338 |  4,838383 | —1,668667 | 248564
9.0 a0} 0 o . 0 0 0 0 —1,875000 | 4.875000 | 7.125000 | 2,81998 , . .
10,0 8822 0 ] 0 0 0 0 418667 | -, 416867 | 3,750000 | 8,15447
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TABLE VI.—EXAMPLE OF NUMERICAL INTEGRATION OF PRESSURES ALONG AN INCLINED SECTION INTERSECTING WING-TIP

MACH CONE

=P
(o) @ ® * (O] ® ™
n RaX() | Ke=@ | KXW | K-t & Rea
01 0.27 L8 0.83 147 0.8367 0.184 —
.2 e .96 .06 144 6667 . 2677 o tany
.3 B |7 e .09 1.4t 4894 |, .3%73 Ly L
N 1.08 a2 | .12 138 . 8044 - 4016 Ky=(2+g+ K1) =270
5 1.86 15 .16 1.3 m . .4648 K= (g—K1)=030
.6 1.62 —.12 8 | 183 ~. 0900 . -B200 - Kim(1+g)=1.50
K 1.8 —.39 o | 1w | —sms 5978
.8 2,16 ~.6 24 |, Lo f —.6m8 ]| 6786
9 2.48 . -9 2 12 Coel | LT
Lo 2,70 -L20 .30" 120 =1, 0000 1. 0000
. Lep P
o @) ®) “ O] (8) - () ® r @ (10) an 12) (13) ) (15) - (16) a7 (18)
MULTIPLIERS ~ '
n|1-p . : 1‘319)‘2‘,3 G2 G2, Jom-cof 205, | €0 |02 | @
n=0.1 0.2 0.3 0.4 0.5 0.6 07 08 0.9 1.0 : , _
0.1 0.1844 | 0113801 | 0,037500 | ~0.004167 | 0,004167 | 0 0 0 0 0 0 0.012085 | 0.012085 | 0.000760 | 0.011209 | 0. 012218 | 0.6248 | 10,0000 | 0, 1207
.2{ .2067 | —.082075 | .079167 |  .0S4167 | —. 020838 | 0 0 0 0 0 0 .022767 | 084823 | 004248 | .0B0G70 | .085671 | .8673 | 5.0000 | .1741
3] 2| o —.020833 | .084167 | 079167 | O 0 0 0 0 0 080024 | 065146 | .0L18OL | .053266 | 067624 | ,7Es7 | 2.2883 | L2173
E 4] .e018] o .004167 | —.004167 | 037500 | .o041667 | —.008383 | 0 0 0 ‘a 036946 | . 102092 |. .0M886 | .077207 | 107089 | .7311 | 2.5000 | 2882
< [ 5| .1enf o 0 ) 0 .086887 |- 066667 | 0 0 0 ) - 0482001 . 14s301 { 44436 | 100905 { . 154378 | 6544 | 2.0000 | 2008
6] .5200{ o 0 0 0 —.008333 | .o4t667 | 087500 | —. 004167 | 004167 | 0 -049609 | 198060 | 071763 | .170967 { .208410 | .58%6 | 1,6867 | 3251
) sl o 0 0 0 0 0 L070167 |, 064167 |—, 020883 | 0 (086311 | 251871 | .108484 | 142907 | 273064 | L8288 | 14285 | b1
.87 .676] 0 0 0 0 0 0 —.020833 | 054167 | 079167 [, 088494 | 063546 | .314817 | .186183 | 158735 | .B46LSB | 4588 | L2500 | .anae
RYIEZY K 0 0 0 0 0 .004167 | —.004167 | 037500 | 121105 | .072213 | .367190 | .717654 | . 109475 | .430080 | 3936 | L1111 | .4301
T.Tl 1.0000] o 0 0 0 0 0 0 0 0 .017889 | 084988 | 473117 | .208488 | .173634 | 581814 | 5265 | LOO0O | 4731
0.1 | 0181 | o007 o.oom'il—o.oozoes 0 0 I 0 | o | o 0 o | 6. cooroe
.2| .2677 | —.o0d167 | 010888 | .onssss | o 0 |0 | o |0 0 |0 | .o08477
.3 | .3872 | .001250 | —001250 { .011230 | 011350 | —, 001260 | .00I250 | © | o 0 lo } . o07es
o ot 0] o 0 0 .031667 | 021667 | —. 008238 | 0 0 Jo io | . o1209%4
Z | 5| 40 0 0 0 —.010416 | 027083 | .02358a | 0 0 o 0 | . o19s41
g 6| 5200 0 o | o .002500 | —.002500 | .022500 | .022500 | —, 002500 | .0Q2500 | @ | .o27ae;
2| .7 am] o 0 I o 0 0 0 Y .oss417 | .oareny |—.oms83 |0 | . osear1
85| .em6 | o 0 0 0 3 0 § — 016067 | .o43384 | 063084 | 080796 | .p47TI8 ;
o) o 0 0 0 0 0 }* .00a750 | —. 003750 | .08a750 | .1080% | .001472
1.0 Looco| o 0 0 o o [} Io 3 lo .omas' . 080820
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TABLE VII.—EXAMPLE OF NUMERICAL INTEGRATION OF PR.ESSUR-ES

ALONG A STREAMWISE SECTION INTERSECTING WING-TIP MAC

i "H i)

CONE .
1-P
m | @ ® ) @)
r K1) | K+ g; pos]
0,1 Léo 180 0, 8750 0, 1609
2 130 LM 7847 2229
R L2 L5 , 8007 2077
! L 1,00 5TER - 505 7=0.80
.5 1.00 2.00 . 5000 8583 Ky=(1+g)=1.80
.6 %0 2,10 4286 8500
7 80 2,30 3030 5815
. .70 2.80 0B L4018
9 160 2.40 , 2600 190
1 .80 20 2000 ) '
" tep r
m @ ® 0 ® ® ™ ® ) (10 an (3 am ao | a8 | e an
v | - i ZOWrS] e | Inen 3 a2yt am) 2 Lol
. rim0.l 0.2 0.3 0l 0.5 0.6 07 0.8 09 10 W @ | o w) L )
0.1 | 0,600 | o.118%01 | o0,007500 | —0,004107 | 0,004167 | 0 0 0 0 0 0 0.010880 | 0.010880 | 0.000701 | 0.011861 | 0.9895 | 10,0000 | 0, 1088
2| L2228 | —.0%awTs | 070167 | 054167 | —.020838 | 0 0 0 9 0 0 ,QI9808 | .080348 |  ,0086BL | .03BS70 | 8028 | K,0000| 1512
NINED —.020838 | 054167 | .0T9167 | O 0 0 0 0 0 (024630 | 06887 | 000826 | 084718 | .B483 | 3.8883 | 1880
B0 csms| 0 00AL6T | —, 004167 | .0B7B00 | .0ATH00 | —. 00167 | 00187 | O 0 0 ,028601 | .083488 |  .01973 | .108380 | 8077 | 2.5000 | 2087
T e | 0 0 0 0 JOT9I6T | . OBA187 | —, 020833 | 0 0 0 LOBISTR | .115806 | 08438 | - 149611 | .7711| 2.0000 | 2307
L6 80| 0 0 0 0 —. 030838 | 054167 | 079187 | 0 0 0 LOB4645 |  .160011 |  .0RGS33 | ,208388.| .7SV8 | 1.8867{ 200
7| 8818 0 0 0 0 L0017 | —, 004167 | ,OW600 | 087500 | —, 004167 | 00187 | 087048 | 18700 | 071423 | 964481 | 7078 | L4288 | 2673
8| 406 0 'y 0 " 0 0 0 LOTRIET | LOGAIST | —.020833 |  .039175 . 230234 | 100818 | .930R3 | 6798 | 1,2500 | 2438
9| 41| 0 0 0 0 ‘|0 0 0 —. 020833 | 064167 | 079167 | 041078 | 967810 |  .141748 | 400058 | Lema| Lum| ;%0
10| 4300 | 0 0 0 0 0 0 0 004167 | —, 004167 | 097800 |  ,OAZ788 | 810008 | . 182408 | .493507 | 6290 | 1.0000 | 3101
01| 0.1600 | 0.008887 | o0.008887 | 0 0 0 0 0 0 e 0 2.000701
2| 722 | —.001867 | .008833 | 007500 | —,000888 | 000843 | 0 0 0 " 0 . 002050
8| o8| 0 0 L02Y750 |, 018250 | —, 006250 | 0 0 0 0 'y ", 00019
NIMEID 0 —. 008333 | 021867 | 031667 | © 0 0 0 0 , 010046
A x| Jasea| 0 0 002088 | —, 002088 | .018760 | .018750 | —.902083 | 002083 | 0 ° 014878
Z 6| om0 0 0 0 0 47500 | 082500 | —, 012800 | © 0 010077
2 I T 0 0 0 3 —.0LER | 087917 | 085417 | 0 0 024100
8| 4018 0 0 0 0 0 ,003388 | —, 008383 | 030000 | 033383 | —,008e87 | 029808
S| a0 0 0 0 0 0 0 | o0 ,080000 | 080000 [ 02930
Lo| 4800 | © 0 [} 0 0 | [ l 0 —, 008838 | 041687 | 040681
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TABLE VII.—EXAMPLE OF NUMERICAL INTEGRATION OF PRESSURES ALONG A STREAMWISE SECTION INTERSECTING WING-TIP MACH

CONE—Coneluded

1—P
) @ ™ (0] ®
. . @) lcorl(.i)
r Ki—(1) Ki+Q1) @ -
2,0 —0.50 3.50 —0.1429 0, 5456
3.0 —1.50 4.50 —.3833 . 6082
40. —2,50 5.60 —. 4545 6502 =050
5.0 —3.50 o L6810 PR
6.0 —4.50 7.50 ~. 6000 T8
7.0 —5.50 8.60 — 6471 7240
8.0 ~6.50 9,50 ~, 6842 . 7308
9.0 —7.50 10.50 ~. 7143 . 7HE3
10,0 -8.80 11,50 —. 7801 L7647
' top p*
® @) ®) ) ) ) m ) @ (10) 11 12) 13) 4 (iﬁ) 16)
" MULTIPLIERS ' : ;
—P)X | Iner. 3 Iner. % an 1
v P - , Wady | @ | dous. |avten | G | 5 |avxas
r=2,0 3.0 4.0 5.0 6.0 7.0 . 8.0 9.0 10,0 _ :
1.0 [ 0.4359 | 0,375000 | —0,041667 | o.041667 | o© 0 0 0 ) 0 o.31010 [ 01841 |
2,0 | .5488 | 791667 541667 [ —, 208833 [ © 0 0 0 0 0 0, 49578 . 80688 83708 | | L.74886 | 0.4621 | 0,50000 | 0,4029
< 3,0 | .6082 [ —, 208338 541687 . 791667 0 ) 0 [] [} 0 L B7972 1, 38560 2. 39084 3, 77644 . 8669, . 33333 .4019
B 1 4o .eoo2| .oa1eev| —.oaee7 | .aseco | .37s000 | —.ostser | o667 ] o 0 ° 02081 | 201641 | 4.60144 | .61635 | .8045. | .25000 | .5089
< |'sof .es0] o 0 0 791667 | pal6eT § 2083337 o 0 o . .68028 | 2068160 | 7.60253 | 10.28422 | 2608 | .20000 | .5363
6.0 .7048} 0 0 3 —.208338 | .B41667 | .791667 | 0 0 ) .68838 | 8.37507 | 1141707 | 14.79804 -| .2283 | 16667 | 0625
7.0 .70 0 0 0 041667 [ —.041667 |  .375000 [ 375000 |" —.0d1667 |  .041667 | 71488 | 408075 | 16,06526 | 2018801 | .20290 | .14286 | 5848,
80| 708 | 0 0 0 ) 0 0 -TOI667 |  GAIG67 | —,208333 | .78210 | 4.82185 | 315735 | 2687020 | .1838 | .12500 | .e027
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TABLE VIIL—CONTROL-SURFACE CHARACTERISTICS NOT INCLUDED IN FIGURES

(a) Tapered Controls
Inboard Inboard
Wing-tip confrols contrals Wing-tIp confrols controls .
[ d N | - 3 d Vs
BCy | BCL' | BCw | BCY ACy | BCL | BCw' BCy
—0.80 | .- ]GO )
095 g0 TT| .es -
f—.80 [ .. o5 )
—.85}10.95) - -
-—.gg 0 ol )
— 8 —. 85 A0 . -
__w _60 ——_—— »
-85 80| - * =
-85 .95 ...
-.80| .95} ...
—.% Q ———
- L2
=8 o5 a0
-85 .80 | ----
—.g5| .80} - .
F—.8 1|0 R _
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—.g N1 I p—
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—05| .20} ..o -
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—85| eof 2 .
\ —.85] .80 - .
-8 J— . -
-8 . 20| .- -
—.80) 40| ..~ R
i —g0| 0] -7 —
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—86] 40| -
\—.95 | .60 f ...
—=8i0 _——
-8 | .0 .-
—80] .40 - -
o —s0| 80| .- —
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—951 .20
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\ —. 95| .60 -
Inboard b’ : Tnhoard
W ing-tip controls controls Wing-tip controls controls
[ Af [ P P - - :
BCy BCL” 8Cay’ B8Cy acy' | B8Cy BCxy’ BCy'
0.8 —L 1421 0.1878 —0.0339 —1. 2498 6.0 0.0820 0.068% —0.0330 0.0240
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.8 —.1061 0082 —. 07 —. 1084 - 8.0 0830 0676 —. 0332 0360
20 —.017 .1083 - . 0085 8.0 0337 . 0685 -—.0338 0368
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2.0 0173 . 0804 —. 0361 0232 1| 80 .03a62 L0722 —. 0364 .
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TABLE IX.—COMPUTING FORM FOR C,,

(a) Dimensions and Preliminary Computing Form

\ 2 . \Ozsa

Root Mach cone Tip Moch cone

M=1.80 Root caze 3

B=yMi—1=1.4967 Tip case 3__
. Tapered flap:
[—e¢, . g=ta'lé A=0.5995 . . . . g . P 3 cpd
— a, ) 2M3V1+ Faf=b, L =5.2159
tan Awn__ S S oo
5 =0.3990 Ky= =gy =1.0262 Untapered flap:
tan Arg 1 : : M3V Fat =3bse, =
f == — =(]. 9 K=——= . r
o d 5 0.3 =gy L7
Ki=8ys=17.8577 - ' Ks=Byt=5.9568
b, ) 1
3l | K.= 8y, =2.9934 Kg=,3(g—_y,) =23.0472
Agpe, _*' Yy ;
1
!11 1 K =8 (§—y|)=5.9868 K= BT = 4063
—ef(l_ N_1 1o S S
L—z,—»l K,=8 (2 y:)—1.1225 K|1—5(1+a)—0.4776

} 4
— . Ky=8y=41.2528 Ku=8 (,—g—y,) =0.5419
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TABLE IX.—COMPUTING FORM FOR (; —Concluded
(b) Form for summing (PScT)* of trizngular segments of conical-flow region
! - i !
i . ' 4] '
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v - T
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{ —
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Figure 10 ' -
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